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A noninvasive screening test to detect 
"critical" deep venous reflux 
Russell N. Harada, MD, Mira L. Katz, MLA, RVT, and Anthony Comerota, MD, 
Philadelphia, Pa. 
Purpose: The venous filling index (VFI) was introduced as a noninvasive measure of venous 
valvular eflux. Because it is quantitative, identifying increasingly severe reflux should be 
possible. The purpose of this study is to evaluate the sensitivity and predictive value of the 
VFI as a predictor of phlebographically demonstrated "critical" venous reflux. 
Methods: Thirty-one limbs with suspected venous insufficiency underwent both descending 
phlebography and air plethysmography. Nine limbs had deep venous reflux ending above 
the knee on descending phlebography (group 1), and 22 limbs had "critical" deep reflux 
to the below-knee l vel (group 2). The VFI, ejection fraction, and residual volume fraction 
were calculated, and a tourniquet was used to distinguish superficial from deep venous 
reflux. 
Results: Three of six group 2 limbs with a VFI less than 7 had obliteration of their lilac 
veins. Tourniquet application improved the VFI in 13 limbs, all of which showed either 
phlebographic or venous duplex evidence of greater saphenous incompetence. 
Conclusions: A VFI greater than 7 showed a73% sensitivity and 100% positive predictive 
value of identifying "critical venous reflux." The VFI may underestimate the degree of 
reflux in patients with proximal venous obstruction. Improvement of venous hemody- 
namics with tourniquet application suggests hat venous reflux might be improved in some 
patients by correcting superficial venous insufficiency. (J VASC SURG 1995;22:532-7.) 
Modern air plethysmography (APG), introduced 
by Christopoulos et al.1 in 1987, has been a useful 
and increasingly popular method of quantitatively 
evaluating lower limb venous hemodynamics. APG 
measures the venous volume, ejected volume, and the 
residual volume after exercise, which are then used to 
calculate the venous filling index (VFI), ejection 
fraction (EF), and residual volume fraction (RVF). 
These parameters correspond to the degree of venous 
valve reflux, calf muscle pump function, and ambu- 
latory venous pressure, respectively. 1'2 The VFI 
correlates with the clinical severity of chronic venous 
disease. 3 When the VFI is less than 3, there is no 
clinically evident venous disease. When the VFI is 3 
to 5, skin changes (lipodermatosclerosis, pigmenta- 
tion) will develop in about 19% of patients. A VFI of 
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5 to 10 is associated with a 46% incidence of  
ulceration, and a VFI greater than 10 is associated 
with a 58% incidence of ulceration. The severity of 
reflux as determined by APG has been previously 
based on clinical findings, rather than a direct 
evaluation of the degree of reflux. 
Because operative venous valvular econstruction 
is reserved for patients with "critical" reflux shown by 
contrast descending to the infrapopliteal level on 
descending phlebography, 4 a noninvasive screening 
test with a high likelihood of identifying these 
patients is desirable. Although the VFI was intro- 
duced as a noninvasive method to measure reflux, few 
studies have correlated the VFI to the "gold stan- 
dard," descending phlebography (DP). I f  a compari- 
son of these two tests indicates that the VFI is useful 
in estimating the level of venous reflux, perhaps it can 
be used to assist in the selection of patients for 
invasive evaluation. The purpose of this study is to 
evaluate the VFI as a predictor of phlebographically 
demonstrated "critical" reflux and to compare both 
the VFI and DP to the clinical class of venous disease. 
PATIENTS AND METHODS 
Thirty-one limbs from 25 patients (17 men and 
eight women; average age 43.1 years) with clinically 
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Fig. 1. Scattergram ofAPG(VFI) results correlated with descending phlebography in patients 
with mild to moderate deep venous reflux (group I) and "critical" deep venous reflux (group 
II). All patients with VFI greater than 7 had deep venous reflux to below-knee l vel. Three of 
six patients in group II with VFIs less than 7 had proximal venous obstruction. 
suspected venous insufficiency were evaluated by 
APG and DP performed not more than 2 weeks 
apart. The limbs were divided into two groups on the 
basis of the degree of deep venous reflux observed on 
DP. Group 1 consisted of nine limbs with deep 
venous reflux limited to the above-lcnee l vel, and 
group 2 consisted of 22 limbs with deep venous 
reflux to below the knee. 
DP was performed on a tilting fluoroscopy table. 
The patient was placed in a supine position and a 4F 
multihole angiographic catheter was introduced into 
the common femoral vein below the inguinal iga- 
ment, and the table was tilted to a 60-degree 
foot-down position. A bolus of 76% Omnipaque 
(NY-CO-MED, Burlington, N.J.) was injected un- 
der fluoroscopic visualization and the progress of the 
bolus was monitored, with spot films taken at 
appropriate intervals. 
The air plethysmograph (APG-1000; ACI Medi- 
cal Inc., Sun Valley, Calif.) is a pneumatic volume 
plethysmograph. The protocol used for the APG 
examination was previously described, s The polyure- 
thane cuffwas applied around each limb and inflated 
to 6 mm Hg. The extremity was elevated to 45 
degrees to empty the venous ystem. Once a plateau 
indicating zero functional venous volume was 
reached, the patient stood with full weight on the 
opposite leg. The volume change (in milliliters) from 
the supine to the standing position was recorded as 
the functional venous volume (VV). The VFI is 
calculated by dividing 90% of the VV (90% VV) by 
the time it takes to fill 90% of the VV (VFT90): 
VFI = 90%VV/VFT90 (ml/sec). A single tiptoe 
maneuver on both feet, followed by the return of all 
weight to the opposite leg was performed to obtain 
the ejected volume (EV). The EF is calculated by the 
formula: EF = EV/VV × 100 (%). Ten tiptoe ma- 
neuvers followed by a return to the original standing 
position was performed next. Once the volume 
plateaus, the patient is again placed in a supine 
position with the leg elevated to drain the leg and 
obtain a new zero volume. The residual volume (RV) 
is the difference between the zero volume and the 
volume after 10 tiptoe maneuvers. The RVF is 
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TaMe I. APG parameters ~ 
VFI (ml/sec) EF (%) RVF (%) 
Group 1 (n = 9) 4.6 + 1.3 55.6 -+ 22.0 37.0 + 23.0 
Group 2 (n = 22) 10.0 -+ 6.3 61.5 -+ 19.6 44.3 _+ 15.0 
p Value p < .02 NS NS 
~Mean _+ standard eviation 
calculated by RVF = RV/VV x 100 (%). Finally, a 
narrow pneumatic tourniquet was applied around the 
upper thigh and inflated to 55 to 60 mm Hg pressure 
to occlude the proximal superficial venous system, 
and the VFI was again determined to differentiate 
superficial from deep reflux. The calculated means 
were determined, and group 1 was compared with 
group 2. The statistical analysis comparing roup 1 
with group 2 was determined by a Student t test. The 
clinical class of venous disease was assessed according 
to the definitions established by the Society for 
Vascular Surgery and the North American Chapter 
of the International Society for Cardiovascular 
Surgery. 6 
RESULTS 
The mean and standard eviations for the APG 
parameters are listed in Table I. A significant 
difference (p < 0.02) in the VFI mean values was 
observed between groups 1 and 2. The VFI ranged 
from 2.5 to 5.9 ml/sec in group 1 and from 0.4 to 
29.3 ml/sec in group 2 (Fig. 1). There was no 
significant difference in the EF or RVF between the 
two groups. 
In group 2 (n = 22), there were five limbs with 
a VFI less than 3.3 and one with a VFI of 6.3, 
whereas the remaining 16 limbs demonstrated VFIs 
greater than 7.0. Three of the five limbs with a VFI 
less than 3.3 were found to have obliterated common 
iliac veins on ascending venography. Ascending 
venograms were not obtained on the other limbs, and 
duplex imaging did not adequately visualize the iliac 
veins or vena cava in these patients. Assigning aVFI 
less than 2 as normal and a VFI greater than 7 to 
distinguish below-lmee reflux from above-knee re- 
flux, the APG determined the correct level of deep 
reflux in 81% (25 of 31) of the limbs in this study. 
Of the six patients in group 2 whose VFIs underes- 
timated the degree of reflux present on DP, three had 
obstruction of the ipsilateral common iliac vein 
documented phlebographically. The other three pa- 
tients did not have phlebographic examination of 
their iliofemoral veins. 
After the application of a tourniquet, he VFI 
converted to normal in three group 1 limbs, all of 
which had greater saphenous vein reflux demon- 
strated by DP. None of the group 1 limbs in which 
the VFI remained abnormal showed evidence of 
greater saphenous vein reflux on DP. A substantial 
decrease in the VFI was observed in 10 group 2 limbs 
after the application of the tourniquet. The VFI 
ranged from 7.0 to 13.8 before the application of the 
tourniquet and decreased to 1.4 to 3.5 (mean change 
I0.3 to 2.6) after the application of the tourniquet. 
Nine of the 10 group 2 limbs with improvement after 
tourniquet application were found to have greater 
saphenous vein incompetence onDP. DP showed no 
evidence of greater saphenous vein incompetence in 
the tenth limb; however, duplex scanning revealed 
incompetence in this vein. Although two of the 
remaining seven group 2 limbs with a VFI greater 
than 7 were found to have an incompetent greater 
saphenous vein, the VFI did not change significantly 
after the application of the tourniquet. 
The clinical class of venous disease was compared 
with the results of DP and the VFI (Table II). Four 
group 1 limbs had clinical class 3 disease. Although 
lymphangiography was not performed on these 
patients, we believe that lymphedema played arole in 
the severity of their symptoms. There were three 
group 2 limbs with clinical class 1 disease. Of these 
three limbs, two had VFIs less than 7.0. 
DISCUSSION 
A number of noninvasive methods for evaluating 
the degree of venous reflux have been described. 
These include strain gauge plethysmography, 7 pho- 
toplethysmography, 8,9 duplex scanning, 1°-12 and 
APG.I'2 Because of its simplicity, reproducibility, and 
completeness in evaluating venous hemodynamics, 
the APG has replaced the strain gauge and photo- 
plethysmograph in our vascular laboratory. Duplex 
scanning iseffective in detecting the presence and site 
of valvular incompetence in the deep and superficial 
venous systems and in experienced hands may be 
more precise than DP. 13,14 Duplex scanning, how- 
ever, requires experience, expertise, and expensive 
equipment. Although duplex scanning has been 
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Table II. Comparison of the clinical class of disease to the VFI and the phlebographic grade 
VII <7 VII  >7 
Class of disease Above-knee Below-knee Above-knee Below-knee Total 
I 4 2 0 i 7 
II l 2 0 7 10 
III 4 1 0_ 9 14 
Total 9 5 0 17 31 
shown to compare favorably with DP in detecting 
reflux, little has been written comparing the physi- 
ologic parameter, VFI, with DP. A simple test to 
differentiate above-knee r flux from below-knee re- 
flux would be useful, because reflux to the popliteal 
vein correlates well with the clinical manifestations of 
severe venous insufficiency and confers a poor 
prognosis.l°,15 
We divided the patients into two groups on the 
basis of the presence or absence of deep venous reflux 
to below the knee on DP. The VFI achieved an 
accuracy of 81% in predicting the level of deep reflux. 
Limbs with a VFI less than 2 generally showed no 
evidence of reflux. Legs with a VFI of 2 to 7 
demonstrated reflux to above the lmee, and all 
patients with a VFI greater than 7 had reflux to below 
the knee. Although the sensitivity of a VFI greater 
than 7.0 was only 73% (16 of 22), both the specificity 
and positive predictive value were 100% (9 of 9 and 
16 of 16, respectively). This indicates that a VFI less 
than 7 was present in all cases without critical reflux 
on DP, and in all cases where the VFI was more than 
7, reflux to below the knee was present on DP. There 
were six VFIs in group 2, which underestimated he
degree of reflux observed by DP. Three had ascend- 
ing phlebograms that examined the iliac veins, and 
occlusion of the common iliac veins was observed in 
each. Three of the patients with false-negative VFIs 
did not have phlebographic evaluation of their 
ipsilateral iliac veins. We believe that iliac vein 
occlusion contributed to the falsely low VFIs; it has 
been shown that obstruction alters the venous 
pressure-volume relationship. This pressure-volume 
discrepancy was previously observed with compari- 
sons of the RVF to direct measurement of ambula- 
tory venous pressure. ~6 In limbs without venous 
obstruction there was good correlation of RVF with 
ambulatory venous pressure (r = 0.86), whereas in 
limbs with obstruction, the pressure-volume relation- 
ship was poor (r = 0.40). 
Proximal compression of the saphenous vein has 
been used to distinguish between superficial and deep 
venous reflux. 17 Application of a tourniquet resulted 
in a substantial reduction of the VFI in three of the 
nine group 1 limbs and 10 of the 22 group 2 limbs. 
In each of these cases, an incompetent greater 
saphenous vein was documented by either DP or 
duplex scanning. In all limbs with competent greater 
saphenous systems, there was no improvement i  the 
VFI with the application of a tourniquet. However, 
there were two limbs with greater saphenous vein 
incompetence in which the VFI did not improve with 
a tourniquet. Theoretically the tourniquet should 
occlude the superficial system while leaving the deep 
system intact. In patients with deep venous reflux, 
one would not expect he VFI to improve with a 
tourniquet, despite correction of the greater saphe- 
nous vein incompetence. The reliability of the 
tourniquet technique for differentiating superficial 
from deep venous reflux has been questioned. 1s,19 It 
is possible that the tourniquet may alter venous 
hemodynamics by occluding both the deep and 
superficial venous ystems, especially in patients with 
little soft tissue mass. The external pressure applied by 
the tourniquet might restore adegree of deep venous 
competence to previously incompetent valves be- 
cause of added external support. 
A recent study by Walsh et al. 2° reintroduced the 
reflux circuit theory of venous overload, which was 
initially proposed by Hach 21 and confirmed by 
Goren. 22 They reviewed 29 limbs with reflux of both 
the greater saphenous and superficial femoral veins, 
demonstrated by duplex scanning. Two of the 29 
limbs also showed popliteal venous reflux. Greater 
saphenous vein stripping from the saphenofemoral 
junction to the knee and stab avulsion of varicose 
veins were performed in all patients. Postoperative 
duplex scanning revealed that deep reflux was no 
longer present in 27 of 29 limbs, and both of the 
limbs with popliteal reflux showed no further evi- 
dence of deep reflux. The superficial femoral vein 
diameter was found to be greater in limbs with 
postoperative reflux versus those with no reflux. The 
authors reasoned that deep vein reflux in these cases 
was caused by venous dilation and subsequent 
valvular insufficiency in response to an increased 
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volume flow caused by saphenous vein reflux with 
reentry through perforating veins. Our findings are 
consistent with their findings, in that, after ablation 
of the greater saphenous vein, deep venous reflux was 
significantly improved. 
Both the VFI  and DP correlated closely with the 
clinical class of disease. The association between the 
clinical class and VFI in this study was similar to other 
studies1'3; however, there were four limbs with 
clinically severe disease that was not demonstrated by
either the VFI or DP. Previous work has shown that 
limbs with moderate reflux, which maintain good calf 
muscle pump function (EF >40%),  have a much 
lower incidence of ulceration. 2 It was also observed 
that patients with a RVF less than 30% did not have 
development of venous ulceration. Surprisingly, all 
four limbs in our study with venous ulceration and 
VFIs between 2 and 7 had good calf muscle pump 
function, and three of the four had RVFs less than 
30%. Reasons for these discrepant findings may be 
related to microvascular changes, 16 inadequate tissue 
fibrinolysis, or an inefficient lymphatic system. 23 We 
have previously demonstrated that there are no 
significant differences in the venous macrohemody- 
namics between clinical class 2 and 3 limbs, suggest- 
ing that microvascular changes are important in the 
development of venous ulceration. 16 Pericapillary 
fibrin deposition may play an important role in the 
cause of lipodermatosclerosis and venous ulcer- 
ation, 24 which could go unchecked in the absence of  
adequate tissue fibrinolysis. The lymphatic system 
may be important in clearing interstitial fibrinogen 
and inhibitors of tissue plasminogcn activator. 2s 
A comparison of the VH to DP has been 
previously reported by Welch et al. 26 These investi- 
gators tudied 28 limbs with varying degrees of reflux 
with the APG and DP. Three groups were deter- 
mined on the basis of the results of DP: normal, no 
reflux; mild, grades 1 to 2; and severe, grades 3 to 4. 
A significant difference in the VFI  was found 
between the mild and severe groups, and the VFI 
increased as the severity of reflux on DP increased, 
which we also observed. Despite this, they concluded 
that the VFI  was unable to distinguish limbs with 
grades 0 to 2 reflux from those with grades 3 to 4 
reflux on DP. Their results are difficult to interpret 
because the ranges of the VFIs for the different 
groups were not indicated, nor was the sensitivity of 
the VFI  for predicting the level of  phlebographically 
demonstrated reflux. Furthermore, although men- 
tion is made of the use of tourniquets for differenti- 
ating superficial from deep reflux, there is no mention 
of the effect hat the tourniquet had on the VFI, and 
therefore it is difficult to know whether the tourni- 
quet modified the results in any way. 
In summary, limbs with critical reflux had a 
significantly greater mean VFI than did limbs with- 
out popliteal reflux. As a noninvasive test for 
differentiating above- from below-knee reflux, the 
VFI is reliable with an accuracy of 84% as judged by 
DP. A VFI greater than 7 detected 77% of the limbs 
with critical venous reflux, but more importantly, the 
VFI  distinguished correctly all patients without 
critical reflux as evidenced by the specificity of  100%. 
Importantly, a VFI greater than 7 had a positive 
predictive value of  100%, for critical reflux. The VFI 
can be used as a simple screening test to identify 
patients with severe deep venous insufficiency who 
are candidates for descending phlebography, in 
anticipation of a corrective surgical procedure. 
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